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PREFACE

This January 1989 edition of the Design Guidehines Adopted for All Season County Roads
contains munor revisions of the gumdelnes approved m 1988

Primanly, 1t corrects minor errors mn the ongmal edinon, seme further editing, and updating
of the artwork.

If you have any questions, or suggestions for improving these guidehnes, please contact

Local Services Division

Micligan Department of Transportation
P O Drawer 30050

Lansing MI 48909



INTRODUCTION

The two more cntical elements of the design procedure are

1 Traffic, particularly commeraal.

2. Subgrade soils

The normal design penod for AASHTO pavement design 15 twenty (20) years However 1t was decided
that, 1n some cases a mmmum design period of ten (10) years could be used for resurfacing or
rehabilitation projects

A serviceability index of 2.0 1s used for most county roads and city streets and the index 1s the same for both
flexible and ngid pavements, If the ADT (Average Daily Traffic) exceeds 5000 a serviceability index of 2.5
15 used.

Traffic and the conversion mnto equivalent 18 Kip Axle loads are applied n the same way for fleable and
ngd pavement design.

Life cycle costing has not been applied 1n this analysis.

Drainage 18 one of the most tmportant factors i road performance. It 1s not only important during design
and construction, but also must be maintained. Water 1n the subgrade or base must be controlled by under
drainage, Pavements and shoulders should be built to proper crown and slope Run-off water must be
controlled by ditches or under drainage Proper maintenance of shoulders to prevent berms or secondary
ditches cannot be over emphasized. Ditches should be maintained by cleamng out as required and brush
should be removed. Underdrains should be checked penodically for cleanout or broken sections

Treatment of swamps was discussed and 1t was decided that exsting roads may be floated over swamps
depending on economics and environmental effects. Before a decision 1s made to float over a swamp the
depth and extent of the swamp as well as the depth of and type of existing fill should be known With this
mformation and an evaluation of environmental effects a decision can be made whether to excavate and
backfill the swamp or whether to float the existing fill. If not treated, expect mamtenance costs and try to
inform the public of future maintenance.

If you require more assistance, or if resurfacing on a concrete pavement 13 proposed contact the Local
Services Division or the distnct soils and matenals engineers for assistance.
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ALL SEASON LOADING OUTLINE FLEXIBLE PAVEMENT

L SERVICEABILITY INDEX p,
A As developed 1n the AASHTO road test, reflects pavement condition at end of design

penod, usually 20 years.
B For most reconstruction widemngs resurfacings secondary trunklines turnbacks federal

aid secopdary county pnmary and other lower volume routes with ADT's less than
5000 use p, = 2.0 chart.

When the ADT exceeds 5000 use p, = 2.5 Chart

C. Both serviceability index charts are attached. Attachment C (pp 9 and 10)

SOILS Soil Support Value S

A Are plans available showng exisung typical cross section and subgrade textures?

B If not bonngs should be made.
1 Boring locations and depth
a. Approxumately 300° to 1000" depending on umformity of existing cross
section thicknesses and subgrade. Closer spaced bonngs if necessary
b Vary pattern from side to side
c 3 105 depth. 5 recommended
d Concentratie on distressed areas to deterrune whether base correction
15 needed. May require closer boring pattern.
e Determine water table, if present.
L If widening existing pavement obtain bonngs 1n shoulder and determine
whether subbase 15 full width.
£ If peat or muck 1s present, bonngs or soundings should outline the
extent (depth including depth of exisung fill width within proposed
cross section and length)
C In the applhicaton of the soil support value the following 15 assumed
1 Subgrades have been corrected where required to prevent frost heaves
2 Proper grade heights are designed.
3 Unsuitable matenal such as topsoud peat, etc. has been removed
4 Suitable compaction has been obtained
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D Soil Support Values S A Measure of Subgrade Support

1

2.

Value ranges from I to 10 Use mformauon from old plans borings sous
maps soils surveys, and engneenng judgment to determine sou texture of
subgrade. Reduce value for combinanon of wet soils and grade below
recommended heights.

See Attachment A (Soil Support Chart, page 7) to deternune soil support
value, which 1s based on texture of subgrade.

TRAFFIC FACTORS

A Information Sources

1

Traffic counts submutted for highway needs studies  Are they current”?
Generally for all season design, current traffic counts should be made and

percent commercial should be counted.
Note that average daily traffic counts (ADT) are for both directions

The ADT used for geometncs 15 the same as the ADT used for pavement
design.

B Traffic Estimate

1

2.

For reconstruction, use a 20 year projecton date. For some resurfacing,
rehabthitation, or other projects a 10 year projection may be used.

If 20-year projection 1s not avatlable use a compounded growth factor of 3%
a year (Current traffic count x 103 compounded, at 3% growth per year
compounded over twenty years, traffic will approximately double) Use judgment
1o modify or use the expansion factor for your county as shown 1n the county
road assoclation design manual.

Determine traffic in one directton onlty For design purposes place all traffic
tn one direcuon 1n one lane (1/2 ADT) On mult lane highways use a percent

usually 70-80% 1n the design lane reflecting lane distrbution.

Determine commercial traffic percentage in design lane  Use percent
commercial based on updated traffic counts For most county primary roads
percent commercial ranges from 8 to 10 unless there is a large commeraal
traffic generator on the route. In most cases passenger traffic 1s 1gnored.
Find number of commeraal vehicles

Find equivalent 18 kap single axle loads (commercial ADT x conversion factor)

Conversion factor 1s 0.544 for medium commercial This 15 the conversion
factor most commonly used Multiply the commercial ADT x 0.544 to determine
the Equivalent Single Axie Load (ESAL)

REGIONAL FACTOR R Clmatc factor considenng ramfall, dramnage freeze thaw cycles

spring breakup



Higher factors are more cnucal for Michigan.

30 South 2 uers of counties
3.5 Dsstricts 5 6, and remainder of districts 7 8, and Metro
4

0 Districts 3 & 4
45 Distncts 1 & 2

ARAA
Hnnan

Engineenng judgment may be used to modify these factors dependent on job conditions

PRELIMINARY STRUCTURAL NUMBER SN

A

D

Use Design Chart for Flexible Pavement Attachment C (pages 9 and 10)

p. = 20 ADT < 5000

p. = 25 ADT > 5000

Enter S = Soil Support Value.

Enter traffic informatnon. Equivalent 18 Kip Axle loads (Note that chart 1s set up for
daily or total 18 kip loads) If daily traffic 1s used on chart, 1t should be for a 20 year
design pertod. If the design 1S for other than a 20 year design period the total
repeuton traffic count must be used.

Read SN at appropriate intersect.

WEIGHTED STRUCTURAL NUMBER SN

Is an 1ndicauon of required total pavement strength, Le. subbase, base and surfacing

A Enter SN Preliminary Structure Number

B Enter R Regional Factor

C. Read SN weighted structural number

D Pavement sections (layer thickness x matenal coefficient summation see VIII page 5)
should approximate or exceed the SN number

E. Exisung Secuon Layer coefficients (See VIII, page 5) x thickness can be applied to
an existing road. If the weighted structural number of the existing road s less than that
which ts required from the design procedure then the layer coefficient x thickness of
proposed addinonal aggregate, bitumunous layers etc. required to meet the design
weighted structural number can be determined.

F Modify with engineering judgment and experience. Consider costs matenal availability
traffic maintenance ease of construction etc.

CONTROLS

A Subbase mummum thickness 12 compacted. May require a thicker subbase For

natural sand soils use an available subbase depth of 12

L.



E.

Aggregate Base mummum thickness 6" compacted. May require thicker aggregate
base. (Note that specifications require that the maxamum lft thickness of aggregate
base for compacuon not exceed 67)

Bituminous Base (Not required and 1S more expensive, but may be used to reduce
subbase or aggregate base thickness) mimmum thickness 2 1if used.

Minimum total thickness of bituminous pavement shown in Bituminous Pavement
Design guidelines (Attachment D pages 11  15) Miumum 25 (270 pounds per
square yard i two courses)

The weighted structural number for the above mimimum section 15 307 (12 subbase
6 aggregate, 2.5" bituminous)

COEFFICIENTS = Per Inch of Matenal

A

Subbase
Se¢ Sou Support Chart (Attachment A, page 7) Ranges from 005 to 013 usually
010

Agpregate Layers
See Soil Support Chart (Attachment A, page 7) Ranges from 012 10 015 usually
014

Exisnng Aggregate Base 014
Bank Run Aggregate Base ar

Bitumtnous Layers (1 of Bitumnous on one square yard weighs approximately 110
pounds)

Top 042
Levelng 042
Binder 044
Bit. Base 0.32
Seal Coat 014
Recycled Cold Mix Base w/Bitum:nous Stabilization 025
Pulvenzed Bituminous Base 020
Existing Bituminous Surface (Dependent on Condiuon) 014 030
Existing Seal Coat 014

SAMPLE PROBLEM Refer To Attachment F (pp 20-31)

MW Yop oW

Use Chart p, = 2.0 Attached (page 9)
Select and emter soil support value $
Deternune and enter traffic informauon
Read Preltminary Structural Number SN
Select and enter Regional Factor R.

Read weighted Structural Number SN

5



G Using tnal thicknesses try alternate pavement sections using coefficients for various
layers

H. Select sections with weighted structural number close to chart value.

L Determune comparable costs.

J  Xeep m mund that thicker sections may require more excavauon and earthwork, deeper ditches
and wider right-of way

K Make selection based on H J plus engineering judgment.

ST



SOIL SUPPORY VALUES
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ATTACHMENT A

LIMESTONE

E}-— GRAVEL(22-A)

SALVAGED  _|
GRAVEL PLUS
BIT SURFACE
SAND-GRAVEL(20-A) SEAL
T J- SAND
111
1 LOAMY SAND
L._A SANDY LOAM

SOLS RESEARCH UNIT
RESEARCH LABORATCRY DIVISION

RANGE OF SOL. SUPPORT VALUES AND COEFFICEENTS FOR YARIOUS MATERIALS.

110

090

0710

050

v

USED AS SUBBASE

115

o
—
S

USED AS BASE COURSE

STRUCTURAL COEFFICIENTS
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ATTACHMENT B
(FOR INFORMATION ONLY)

APPROXIMATE CORRELATION BETWEEN
K SSVY CBR AND R-VALUE »

SOIL SUPPORT VALUE (SSV)

«COMPQSITE BASED ON INFORMATION FROM 13 AGENCIES
INVOLVED IN RIGID AND/OR FLEXIBLE PAVEMENT OESIGN
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Figure II-2 Design Chart for Flexible Pavements




ATTACHMENT C2
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ATTACHMENT D-1

DWAY
1
BITUMINOUS PAVEMENT DESIGN GUIDELINES
ES '!, _g_ Existing " B'It:ft'un;}ls : Current Commercial ADT in Right Lane e
STiss| aProposed R oo e
I & |2 o Pavement Section || T )__| (100 | 100-200 | 200-500 |500-1000| Over 1008
| e e —— —
a00 A-140
B8-130
A-140 A-140
= 100 B-130 | B-130
[+-]
- A-140
- 1300 B-130
= A-120
A=140
Top A 1500 B170 0" gjgg
tu Leveling | 8 Approved
E 1800 by €0 C
(=3
1t Basz
g 8 ¢ 300
b 4 o =]
LAY ITIRA 1100 ;‘:““ ;j‘:
o | [FConcrete 130 3 :
- r A -
g ez 1300 a-:;g
« A-130
A-160 | A-~-180
1500 or 8-140
_ B-160 |B-160°" oTu4q
Approved
1800 by EQOC
006 | A-150"
A-160 7or|A-160 7or
1100 A=130 A=-130
ot 8-120 B=]20
= A-140
- T A
. 2 o 1300 8-130
= = A-120
g Leveling | B 1500 A-140 5 5 130
= 8-130 £-440
3 Bit Base| C Toproved
- 1800
o by EO0C
: 900
2
2| 11og | 130 | A-130
R 8-120 | B-120
- ° A=-140
- 1300 8130
A-160 | A-160 A-i30
1500 —1gn or B=140
B-160 | B-180 77 7%
Approved
| 1800 by E 0 C
MMWM._,&W
Rey 9-22-88 B1-1
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ATTACHMENT D-2

1
BITUMINCGUS PAVEMENT DESIGN GUIDELINES
T =
E Si7 e Existing "' a"?ﬂ;::s Current Commarcial AOT in Right Lane 1E
»=|5=| and Proposed
= 5|5 5| Pavement Section | SB2MY | g-j00 | 100-200 | 200-500 [500-1000| aver 1000
oy P s 2 e (Los) L
900 s-1607
A-188" | a-160 '
ar ar
. 1140 A-130 | A-130
=z B-120 | 8-120
= A-140
w E Top A 1300 g-130
S A-140 A-120
= Leveling | 8 1500 B‘:;U ar B-130
2 - £-¢40
- Bit Base | C Appraval
> - 1300 2y £ 0 C
@ 7ATY.
2 ! /. 900
g - B1 tumious 1
pd
= ol L A-130 | A-130
= Aggregate. 1100 | g—120 | B-120
@ | = | § Base ~7 A-140
5 | le——" 1380 B-130
= A-130
1500 B-180 |B-160 "' o_,qq
Approval
1800 by EOC
—— —— —
Delete Agg
S0 Base (but
retain Agg
- ht Base - Bit
1~ Top ANZ yi0g A-140 | A-140 far warking
w | S 8-130 | B-130 piatfarm)
S| = Loseimg {8 (|2
< | £
;.': ‘é Bit Base | C S 1300 g::;g Use
°1 a = combinatian
S| - New 5 of ABLC
2|2 Aggregat. a-14p | to satisty
=3 Base =] 1%00 g-130 | required
= e———— E Structural
= Number
‘ 1860
Rev  9-22-88 - B1-1a
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ATTACHMENT D-3

ROADWAY
ASPHALT PENETRATION (VISCOSITY) RATES ' °
T 3
B1tuminous Current Commercial ADT in Right Lane
Mixtyre 0 400 tver 400
W
#500 700 Stability
Bit Base 120 150 (AC 5) 85 100 (AC 10)
#900 thru 1800 Stabtiity 1
Bit Surf 120 150 (AC 5) 85 100 (AC 10)
Open Graded Asphait
Friction Course 85 100 (AC 10) 85 100 (AC 10)

GENERAL GUIDELINES FOR RANGE OF APPLICATION RATES

T Tame ] e e
500 200 L% 220 Winimum
700 200 12 226 Minimum
T 208/20A Vs 130 200
1100 an20m’’| Y, 120 200
8< 1300 20AAA Vs 120 160
1508 20AAA Ys 120 180
1800 20AAA Y4 120 180
w129
REY 6-13-85 Bl-1b
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ATTACHMENT D-4

SHOULDERS
TREATMENT

Type of Road
Construction

New Construction

—————

Type of Existing

Shou!der

Shoulder Traatment

——
e ——————

Shoulder type per E 0 C (Ses
minutes dated 2=-3~72) Refer to
Standard Pian ¥-112 Seriss

" Stabiltze to 6 max depth Mat 19
= || Stabilization i place|  Bit mat or seal thickness same as road Eesurfaclng
=
s Surface shoulder same thickness
- Resurfacing Bit mat or seai as pavement Substitute Mixture
#500 for lower courss
Bit mat seal Stabilize 1n place 4 depth Bit Mix 15
( No wark on road ) or gravel #1100 pat @ 150 'bs / sqg yd min
New Concrete — Bit Mixture #1100 @ 170 lbs / sq yo
b4 N Bit Mixture #500 @ 300 tbs / sg yd
= Cons Bituminous  —— (See Design Note $1 3)
E Stahtlize to same depth as 1§
E Stabilization 1n place Bltormartav:fﬂ roadway 4 min Bit Mix #1100
“ g mat @ 150 1bs / sq yd min
g Surface shoulder same thickness as '3
- Bit mat ar seal road Consider stabilization in
s Resurfacing place if shoulder 1s deteriorated
,"_' Gravel Gravel or 3' bit shoulder ribbon
a3
5 Stabilize 1n place 4 depth plus Bit 19
( No work on road ) Gravei Brx #1100 mat @ 150 ibs /sq yd min
or 3' bituminous shoulder ribbon
]
3 BITUMINOUS SHOULDER RIBBON
Current Passenger Vehicle ADT Per Lane ¢ 9
0 2000 2000 5000 Over 5000
4 14
Lane '!ﬂ lu'_ll' 12' IBl I" 121 ID'-H' lzI
Lbs per o0 70:‘9 —— -—-” y 150 — 150
Sq Y¢ # iden Widen
oo 250 7 Pavement 30 200 | pavement 150
Penstration 'S | 200 250 ) 200 230 200 250|200 250 200 250
Rev 12-15-81 Bl-1¢
et
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ATTACHMENT D-5
FOOTNOTES FOR TABLES

1 THE INFORMATION ON THESE CHARTS IS TO BE USED AS A GUIDE ONLY The Department may vary the
design from this critersa of 1t 15 determined that thers 1s an excessive amount of commercial

traffic excassive stopping, lame concentration steep grades or other warranting conditions
2 The brtummous mixture stability will usually be determned on 6 1 On more ioportant
projects 1t may be selected by TL R

1 Yo determine volume of commercial vehicles in right 1ane divide total commercial vehicle
count by 2 For 4 lanes or more divide total commercial vehicle count by 2 and muitiply

by 60%

4  ¥hen using " 3" Brtuminous Shoulder Ribbon " table on page Bl-ic consider five lanes same as
four saven same as six etc
For new construction use ADT 10 years hence or stage construction

6 For steep grades or heavy comrercial traffic change 120 150 penatration to 85 100

7 Provide additional quantity 1f recommended o § | to correct severe wheel rutting or other
distortion

8 Avoud rates of application for leveling and top greater than 200 and [ess than 750 1bs / sq
yd as being too thick for one course and too thin for two courses

9 To be used as an open textured surface course when recommended by 6 | where speed 15 40 moh
or mse Use in conjunction with a top course unless existing syrface 5 smooth and undistorted
bitumnous Do not use on existing pavements that are prone to extensive ref fective cracking
10 Al Bitumnous Mixture #1100 1n urban areas wiil be 20AA

t1  The term leveling coursa " Is here used as a generic term referring to a first course
intended to ba covered by a surface or top course |t does pot refer to Mixturs #12LC

12 Consider recycling of all or part of existing surfacing

13 The bituminous shoulder ribbon should be placed on a suitable aggregate base Base
requirements and bituminous thickness to be determined on 6.1

14 Consider alternate of doing any future widening now 1n lieu of 3' shoulder ribbon

15 Minimm practical wigth possible by present stabilization in place equipment 1s 3’
The stabilization should he the same width as the shouider surfacing

16 If ribbon s paved in conjunction with road resurfacing penetration can be changed to
that of road material

17 For rural projects in the northern part of the state consider the use of 260 230
penetration for #3900 and #1100 mixes

18  The determination of whether moderate or severe will be mede by the Design Division
Field Engineer (Lansing) on G |  The estimated addrtional cest for resurfacing severe
deterioration (as compared to moderate) i1s $0 65 per sq yd based on a price of $25/ton of mix

19 Brtuminous shouider ribbon should be same mixture as traveled lanes if paved in conjuncticn with
road resurfacing

Rev B-28-85 Bl-id
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ALL SEASON LOADING OUTLINE RIGID PAVEMENT DESIGN

Serviceability Index  p,

A

C

As developed 1n the AASHTO road test, reflects pavement condition at end of design
penod, usually 20 years

For most reconstrucuon, widenings resurfacings secondary trunkhnes turnbacks federal
aid secondary county pnumary and other lower volume routes with ADT's less than
5000 use p, = 2.0 Chart.

When the ADT exceeds 5000 use p, = 2.5 Chart

Both serviceability index charts are attached. Attachment E1 E 2 (pp 18 and 19)

TRAFFIC FACTORS ESTIMATED

A

Information Sources

1

Traffic counts submutted for highway needs studies  Are they current?
Generally for all season design current traffic counts should be made and

percent commercial should be counted
Note that average daily traffic counts (ADT) are for both directions

The ADT used for geometrics 1s the same as the ADT used for pavement
design

Traffic Estimate

1

2

For reconstruction, use a 20 year projection date For some resurfacing,
rehabilitanon or other projects a 10 year projection may be used

If 20-year projecuon 15 not available use a compounded growth factor of 3%
a year (Current traffic count x 103 compounded at 3% growth per year
compounded over twenty years traffic will approximately double) Use judgment
to modify or use the expansion factor for your county as shown in the county
road association desigh manual

Determine traffic in one direction only For design purposes, place all traffic
1n one direction 1n one lane (1/2 ADT) On mult lane highways use a percent,

usually 70-80% 1n the design lane reflecung lane distnbution

Determine commercral traffic percentage in design lane  Use percent
commercial based on updated traffic counts. For most county pnmary roads

percent commercial ranges from 8 to 10 unless there 1s a large commercial
traffic generator on the route. In most cases passenger traffic 18 1gnored.
Find number of commercial vehicles

Find equivalent 18 iap single axle loads (commercial ADT x conversion factor)
Conversion factor 18 0.544 for medium commercial. This 15 the conversion
factor most commonly used. Muitiply the commerciai ADT x 0 544 to determune
the Equivalent Single Axle Load (ESAL)

16



CONCRETE WORKING STRESS [

A Concrete 6 sack mix using Type LA cement, mimimum 28 day Moduius of Rupture
650 ps1. (From current 1984 MDOT Specifications)

B Working stress f, equals seventy five percent of Modulus of Rapture. f = (650 x
075) = 490 ps1 working stress. May be vaned 1 special cases

MODULUS OF SUBGRADE REACTION K

A K equals 200 for normal 10-12 subbases over clay soil. Based on plate load tests
See MDOT Soils Manual page 121

B In the application of the Modulus of Subgrade Reaction the following 1s assumed
1 Subgrades have been corrected where required to prevent frost heaves
2. Proper grade heights are designed.
3 Unsuitable matenal such as topsoll peat, etc. has been removed.
4 Suitable compaction has been obtained
CONTROLS

A Minimum subbase thickness 10" (Preferred)

B Usual aggregate base thickness 4 Open graded dramnage ccurse used on all high
volume routes and other selected projects.

C. Mimmum slab thickness 7° maxmum 11 usually 9 thickness
SAMPLE PROBLEM Refer To Attachment F (pp 20-31)

A Use Design Chart for Rigid Pavements Attachmeat E (pages 18 & 19)
p. = 20 ADT < 5000

p. = 25 ADT > 5000

Determune and enter traffic information

Enter working stress of concrete f.

Intersect pivot line with straight hine determined by poimnts above
Enter modulus of subgrade support K

Deternune straight hne from K to pivot pont.

Read D slab thickness inches

& O ™M m U N w

Round up thickness to nearest 1/4

17
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ATTACHMENT F

Example Problem and Computations

for

Flexible and Rigid Pavement Design
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ATTACHMENT F 1

Soil Borings

TH #6 025 Mile North of Pnmary Road & 5.3 ILeft of Right Edge of Metal

000
0.35
075
150
2.60
300

0.35
075
150
2.60
300
3.50 +

Bituminous

Gravel

Suff Sandy Gray Brown Clay w/ Occasional Pebbles
Fine Brown Sandy Loam w/ Traces of Topsoil

Fine Light Brown Sandy Loam

Mottled Plasuc Silty Clay

TH #7 075 Mile North of Pnmary Road & 2 left of Right Edge of Metal

000
045
080
160
190
300+

045
080
160
190
300

Bituminous

Gravel

Mottled Plastic Sandy Clay

Dark Sandy Loam Topsoil

Plasuc Sandy Clay Loam w/ Pebbles
Mottled Plastic Sandy Clay w/ Pebbles

TH #8 125 Miles North of Pimary Road & 8 Left of Right Edge of Metal

000
035
120
180
2.50

0.35
120
180
2.50
300+

Bituminous

Gravel

Mixtere of Pebbly Sandy Loam & Firm Sandy Clay
Firm Sandy Clay w/ Pebbles

Plasuc Sandy Clay

TH #9 17 Miles North of Pnmary Road & 2 Left of Right Edge of Metal

000
020
060
090
1.20
190
3.30

020
060
090
120
190
330
350+

Bituminous

Oal Aggregate

Gravel

Dark Pebbly Sandy Loam

Dark Loam Topsoil

Plastnc Yellow Brown Sandy Clay Loam w/Pebbles
Plasnc Yellow Brown Sandy Clay



ATTACHMENT F 2

TH_#10 2.2 Miles North of Primary Road & 7 Left of Right Edge of Metal

000 025
025 055
055 120
120 160
160 2.00
200 300+

Concrete

O1l Aggregate

Gravel

Suff Gray Sandy Clay

Suff Gray Brown Clay

Firm Mottled Gray Brown Clay

TH #11 27 Miles North of Pnmary Road & 2 Left of Right Edge of Metal

000 030
030 050
050 100
100 300
300+

Bituminous

Ol Aggregate

Gravel

Mixture of Dark Sandy Loam and Plastic Gray Brown Sandy Clay
Plastic Mottled Gray Brown Clay
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ATTACHMENT F 3

Regional Factor = 3.5 (Mid Michigan Area, Distnict 6)
Exsung Bituminous Depth = 4

Exising Gravel Base Depth = 6

Soil Support Value = 3 (Loams and Clays)

Present Traffic Volumes = 1500 ADT at 4% Commercial

Step 1 Convert Traffic to Equivalent 18 Kip Single Axte Load (ESAL)

Exisung ESAL =
Step 1
1  Determune traffic in one direction only and for design lane. Proposed two lane pavement. Divide ADT
by 2
1500 __
2 = 750

2.  Determine commeraial traffic percentage 1 design lane
750x 004 = 30 Commercial ADT mn Design Lane

3  Convert commeraal traffic to equivaient 18 Kip Single Axle Loads (ESAL)
30x 0544 = 163 Exisung ESAl/Day

Step 2

Evaluate Four (4) Alternatives

New Bitununous Pavement

New Concrete Pavement
Overlay Existing Pavement

RN -

Hot Mmx

Mill 2 Biturunous (1o be hot recycled) Pulvenze Remaimng 2 Bituminous Overlay with Recycled



ATTACHMENT F-4

Alternative 1 New Bituminous Pavement
Design Life

Termunal Serviceabiity p

Anucipated Rate of Traffic Increase

Year 20 ESAL = (163) (1+003)®

= 20 Years

= 20

3%

29 ESAL/Day

Design Life
Rate of Increase/100

Present ESAL(from page 23)

From Nomograph (Attachment C-1 page 9) Required SN = 3.5

(Refer to Antachment F-4a, page 25)

Try Mimimum Section (Coefficients from page 5)

270 psy Levelmg & Top 210042 = 18
6 Aggregate Base 6" (014) = 084
12 Subbase (12 )(010) = 120
SN = 30
(Does Not Meet)
Increase Levehng & Top and Subbase
160 psy Top Course 330 (0 42 = 1%
170 psy Leveling 110 -
6" Aggregate Base (6"(0 14) = 084
15 Subbase (157(0 10) =_ 150
SN = 360
(CK Meets)

24



ATTACHMENT F-4a
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Figure II-2 Design Chart for Flexible Pavements



ATTACHMENT F 5

Alternative 2 New Concrete Pavement (Refer to Attachment E 1 page 18)

Design Life = 20 years
Terminal Serviceabihty p, = 20
Concrete Working Stress f, = 490

{Refer to page 17)

Year 20 ESAL = 29 ESAL/Day(See Alternative 1
Attachment F-4 page 24)

Modulus of Subgrade Reactton K = 200 ( on 10" Subbase)
(Refer to page 17)

From Nomograph (Attachment F 5a, page 27) Depth Requuired = 3§
(Refer to Attachment F Sa, page 27)

Use mumimum of 7° on 10" Subbase
+ 4 aggregate base-concrete or open

graded aggregate.

FAE Ty S peds,
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ATTACHMENT F 3a
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ATTACHMENT F-6

Alternative 3  Overlay

Design Life = 10 Years
Serviceabihity Index P, = 20
Year 10 ESAL = (16.3) (103)* = 22 ESAL/Day

(163 from page 23)
10 Year Accumulated ESAL = 22 (365)(10) = 80,000

Use Accumulated ESAL of 80 000 on Nomograph (Attachment F-6a, page 29) (Daily ESAL applies
only to 20 year design hife)

From Nomograph Required SN 31 (Refer to Attachment F-6a, page 29)

Existing Bituminous In Poor Condition =  Try A Structural Coefficient of 014 10 020
(From page 3)

Existing Section (Refer to Attachment F 3 page 23)

Bitumnous (4") (014) to 4 (0.20) =  0.56 to 080 (Coefficients from page 5)
Existing Aggregate Base (6") (0 14) = 084 (Coefficent from page 5)
Existing SN = 140to 164

Additnonal Structural Number Required Ranges From (31 164 o0or31 140) = From 146 To 170

Addinonal Bituminous Leveling & Top Thickness Required

146
042

170

o b4z

Ranges from 35 to 40

Based on County Engineer’s expenence with overiays on roadways 1n other areas in this condition wath
sumudar soils and traffic, a 10 year life for a 3 122 overlay i1s reasonable Use 180 psy Top Course and 200
psy Levehng Course.

Additional SN = 38(;13 32) . 45

Total SN ranges from (140 + 145 = 2.85) to (164 + 145 = 309)
Meets required SN of 31 OK

Note that existing cracks will show through as reflective cracking.
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ATTACHMENT F-6a
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ATTACHMENT F 7

Alternative 4 Mill, Pulvenze, and Overlay

Design Lafe = 20 Years
Required SN = 3.5(See Alternative 1 Attachment F-4 page 24)
Try 270 psy Overlay
270 psy Leveling & Top 27011%42 = 103
Pulvenzed Bitununous (2" (0.20) = 040 (Coefficients from page 5)
Existing Aggrepate Base (6M (014) = 084 {Coefficients from page 5)
SN = 227 Not Adequate
Addinonal Buurmnous Base Try 330 psy(37)(0.32) = 096 (Coefficients from page 5)
Total SN = 096 + 2.27 SN = 323 (Does Not Meet)
Try adding aggregate base try 2
270 psy Leveling & Top 27_%(3&1 = 103
¥
330 psy Bituminous Base 3) (0.32) = 09
Pulverized Bituminous (2") (020) = 040
8" Aggregate Base (8) (014) = 112
(Ex. 6 + 2 Additional) K
1
¥
SN = 351 (OK Meets SN)
_iw
o
Other combinations with different depths of milling (0-4*) and different depths of pulvenzing (0-4 ) may ¥
be considered. U
‘\'L - - 3

A

vz
L

N e
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ATTACHMENT F-8

Make a cost estumate of the four (4) alternatives.

Consider mamtamning or detouning traffic; ease and ume of construction, availability of matenals
and future mamntenance costs of each alternative.

Consider that thucker sections may require more excavation and earthwork, deeper ditches and wider
night-of way

Make final decision of pavement section based on above. Realize that alternauve three (3) 1s for
10 years while the others are for 20 years.

s, W,
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